The disposal of urban or hospital waste in open landfills is the easiest way to throw back of them without environmental concerns. MTEs (Metal Trace Elements) are the most toxic mineral elements. This study evaluates the impact of MTE on a neighboring human population or playing near a municipal dump. Two panels were composed of adult men and children (males under sixteen years old). Four trace metal elements were analyzed: copper, lead, cadmium and zinc. The site of the study was the municipal waste dump in Marrakech (Morocco). The results reveal abnormal concentrations of these MTEs in blood and hair of adults and children.
Introduction


Contamination of the environment by many potential toxic agents became an obvious evidence. Thus, a growing interest has been shown in recent years to study the potential impact of environmental degradation on human health, and for the development of xenobiotic screening techniques. Two approaches to monitoring can be used to measure and control the exposure of human populations to industrial or environmental contaminants. When it comes to measuring the overall environmental impact in populations exposed to chemical pollution, dander (hair, nails) are excellent indicators of metal exposure, as they present the property to bioconcentrate some metals (eliminating certain toxic is among other dander), and avoid the use of other techniques such as taking blood or urine Two targets were selected for this study: the human blood (internal target) and dander (hair, outdoor target). Table 1 shows the sampling of two targets in the two panels.
Geographical Study Sites
A common control area was chosen for the study of human populations. This is the remote area Aitourir from sources of contamination by MTE (Metal Trace Element), located 35 km east of the city of Marrakech on the road to Ouarzazate.
It seemed interesting to compare the results of contamination by MTE from two different sources of pollution from the waste incineration of human activity (artificial contamination) and the operation site Draa Lasfar mine located approximately 10 km to the West of the city of Marrakech (natural contamination) [2] . The two sites are sufficiently far apart to avoid self-contamination.
Technics: Samples and Mineralization
Biological Samples
Samples of blood and hair taken from smokers (tobacco and herbal drugs) and among alcohol drinkers are eliminated since these two factors are involved in the evolution of metal contents in subjects [3, 4] . Indeed, alcohol or tobacco consumption can increase by 2.5 to 4 times the cadmium levels in blood.
3.1.1 Hair Samples In order to highlight an acute or chronic intoxication or detect a deficiency of micronutrients (zinc, copper) [5, 6] , analysis of the concentrations of minerals in integuments and more particularly in hair is the most common means of assessing the level of impregnation of the body. The hair samples are simpler to implement, more accepted, and their cut, transport and storage are easy to be compared to that of biological fluids. Their mineral levels are generally high, simplifying their dosage and promote quality results [7, 8] .
Approximately 10 g of hair of each participant are taken at the neck and immediately packaged in paper envelopes numbered to know the age and place of main activity of each individual. Taking hair samples tests was conducted in a panel near the discharge panel which previously named "panel C" and was compared with the test taken by a panel unrelated discharge panel previously named "panel W". Panel C consists of sixty-two individuals spread between twelve children under fifteen and fifty adults; the control panel consists of forty-four individuals spread among fourteen children under fifteen and thirty adults.
Blood Samples
The main objective of this part is the determination of the MTE loading in the human panel. The study focused on the C panel consisting of forty individuals, divided between twelve children under fifteen and twenty-eight adults. The results are compared to a male witness panel ninety-one individuals spread between fifty five adults and thirty-six children.
Mineralization and Dosing
Hair Samples
From washed hair [2, 9] with nitric acid 10% four times for 10 min then rinsed with acetone three times for 10 min and dried, a test portion of approximately 50 mg is weighed exactly and then introduced into a polystyrene tube and added with 1 mL of nitric acid 8N [3, 10, 11] . The sealed tube is kept at room temperature for 24 hours; during this preliminary phase, the bulk of the sample is dissolved in the acid. The resulting liquid takes a yellow tint more or less dark, in hair coloring [12] , and a viscous consistency. To complete the dissolution, clogged tubes are placed for 1 hour in a water bath at 60 °C [10] . The plugs are held in place by pressure (plate and weight). The determination of Cd, Cu, Pb and Zn traces is carried out by atomic absorption spectrometry in flame mode.
Blood Samples
A test sample of approximately 1 mL of whole blood was dried in an oven at 85 °C. Mineralization is then performed by an attack with nitric acid (1 mL) overnight [4, 13, 14] . The digests thus recover are completed to 10 mL with double-distilled water and stored in a refrigerator at 4 °C pending assay AAS (Atomic Absorption Spectroscopy) flame method [4, 13, [15] [16] [17] .
Methods: Statistics and Pollution Index
Standard Deviation
In the general case of n measurements and a i (concentrations) having of equal accuracy ( [18] ), the weighted average value ŷ, in a distribution, is given with its standard deviation experimental m that captures the quality of the distribution. The weighted average value ŷ is the likely average value of measured values:
This standard deviation is statistically calculated with the relationship:
The average error of the estimate can be given by Eq. (3):
The approximate value is the value to be measured can be given as:
Pollution Index
The pollution index, noted PI, is used to quantify the pollution. This PI is calculated by the ratio: 
Results
Hair Samples
The results are reported in Table 2 . The average content of Cd 2.66 ± 0.24 ppm for adults in the study area is relatively high compared to that seen in children 1.96 ± 0.10 ppm in the same area. These two values are significantly large relative to average levels noted in the panel control 0.37 ± 0.07 ppm and 0.43 ± 0.04 ppm respectively in children and adults in the same area.
The average values found in the panel studied are relatively close (1.96 ± 0.10 ppm for males and 2.66 ± 0.24 ppm for adults) from the reference value: 2.4 mg/g set by Iyengar, V. and Woittiez, J. [19] . The average contents of Pb 26.87 ± 8.03 noted among adults in the study area ppm are more important than children 20.05 ± 1.56 ppm in the same area, and much higher than those calculated in the panel control (0.37 ± 0.07 ppm in children; 0.43 ± 0.04 ppm in adults). Also, it is noteworthy that the average values for the panel studied are quite high compared to the value recommended by Iyengar, V. and Woittiez, J. [19] which is 10 ppm. The same conclusion is repeated for copper. These values show a strong contamination of the surveyed area.
It appears that these metals are firmly attached to the ground.
The indices of pollution for hair samples reported in Table 3 are for the four metals and assayed for both age groups. It is interesting to note that the PI of adults' hair is larger than those of children.
They reach up to 6.19 for Cd, for Pb 5.04, 2.33 and 1.97 for Cu, with the exception of Zn.
The high values of these PIs can only be explained by a high contamination of the area of study, and also confirm that the adults have the highest index respectively for the two panels, with the exception of zinc which is PI relatively higher among children than 1.97 adults 1.70. In addition, the study of the effect of age on the accumulation of zinc in the hair revealed that there was no significant difference between the average levels of zinc in the hair in children and in adults (p < 0.05).
Blood Samples
The results are reported in Table 4 . The Cd concentration in the blood observed in adults 2.06 ± 0.10 ppm is relatively higher than that seen in children 1.98 ± 0.08 ppm, and there is a significant difference between topics on the panel studied and those of the witness panel 0.71 ± 0.41 ppm for adults and 0.69 ± 0.45 ppm for children.
Let authors compare with the reference values recorded by Iyengar, V. and Woittiez, J. [19] of the Cd concentrations which are of the order of 0.3 to 0.7 g/dL.
At steady state, the blood lead represents 2% of the amount of lead in the body. Approximately 98% of blood lead is within erythrocytes [20, 21] .
The accumulation of this element in blood in the study population was 210.21 ± 5.40 ppm for adults and 199.27 ± 7.38 ppm in children. These average levels noted in the study population seem to be more important as noted in the controls which have respectively 40.00 ± 4.90 ppm and 37.40 ± 2.20 ppm in adults and children. Nevertheless, the average levels recorded in subjects of the panel studied are relatively high compared to the limit value 125 ppm given by Iyengar, V. and Woittiez, J. [19] .
Authors' results show that adults and children in the control panel have average levels of blood zinc (respectively 2,300 ± 330 ppm and 2,100 ± 420 ppm) less than those in adults and children panel (respectively 6,070 ± 19 ppm and 5,820 ± 8 ppm).
The zinc reference values in whole blood vary from 6,000 to 7,000 ppm [19] .
The average contents of Cu in the panel studied 1,778.02 ± 21.37 ppm and 1,819.50 ± 8.87 ppm respectively in adults and children are much higher than those noted in the witness panel 544.8 ± 104.2 ppm in adults and 716.7 ± 289.9 ppm in children.
Normal values for Cu in the blood range from 800 to 1,400 ppm [19] .
The lead content is subject to many regulatory documents following the environmental conditions. Given the lack of regulations on the limit of lead content in the environment, authors took the example of Canada, which sets 1 ppm the toxicity threshold [22] . The Labour Code concerning the prevention of chemical risk fixed biological limit to 400 ppm.
The cadmium content reference cited by Iyengar, V. and Woittiez, J. [19] To authors' knowledge, no legal text proposed standard values for the concentrations of Zn and Cu. These two are not supposed to lead to major health risks. It is assumed that Zn becomes toxic at 2 g/d, which is well below the levels measured. In all cases, any excess Zn is offset by a Cu supply. This trace element is brought in food via the Cu pipes [24] .
The indices of pollution for blood samples and are reported in Table 5 .
Comparison of Contamination by MTE from Two Different Sources of Pollution
It seemed interesting to compare the results of contamination by metals trace elements from two different sources of pollution and the operation of the mine site Draa Lasfar located about 10 km West of the city of Marrakech (natural contamination) [2] .
The comparison will focus on the content of the four MTE: Cu, Zn, Pb and Cd in blood and hair of two study populations; the comparison item will be the PI pollution indices. The authors distinguish witnesses' sexes, what people could not do.
Hair Samples
The results of analyzes of the contamination in the hair samples by MTE presented in Table 3 are compared with analyzes of pollution from mining (Table 6 ).
Blood Samples
The results of analyzes of blood contamination by MTE presented in Table 5 are compared with analyzes of pollution from mining (Table 7) .
It is possible to deduce a trend from the examination of these Tables. Whether for hair or blood samples, pollution indices by MTE (except PI Cu blood children) are higher when they are of artificial origin (municipal waste) to the original ones mining. Open landfills, as the uncontrolled discharge of the city of Marrakech, is removing the main route of any kind of waste. MTE are buried in large quantities and in various forms in these landfills. The majority of adults are working in the nearby landfill, and they are in constant contact with municipal waste in general including hospital waste, which confronts the assimilation of MTE.
Contamination by waste "outdoors" may be explained in part by:
 climatic characteristics determined by the presence of current that moves the various pollutants to neighboring villages;
 the relationship of the family with the discharge, since all their livestock and poultry feed of this discharge.
Conclusion
Landfills are the main route for disposing of domestic, industrial or hospital waste. They can be buried in large quantities and in various forms in these open dumps.
Assessing the impact of solid waste on the health of the population surrounding the uncontrolled discharge of the city of Marrakech has revealed severe contamination of the population via the major MTE analyzed especially Cd which presents quite worrisome levels compared substantive standards and compared to the levels recorded in the control panel. So authors have determined that there is severe contamination of adults of this panel to children of the same panel, and this can only be explained by the fact that the majority of the population works in the nearby landfill as they are in constant contact with household waste in general and hospitals in particular, which confronts the assimilation of MTE.
